
renal accompaniments was found with the most abso-
lute sense of well-being, as shown in the following illus-
trative cases:

Case 11.—Male, 56; bedridden. Thickened arteries, with
trace of albumin in the urine and systolic murmur. Pro-
nounced euphoria. Blood pressure 145, with Janeway cuff.

Case 12.—Male, 51. Atheroma. Heart and urine negative.
Euphoric. Blood pressure 150, with Janeway cuff.

Case 13.—Male, 58. Marked hardening and tortuosity of
arteries and cardiac enlargement. Blood pressure 190, with
9 cm. cuff.

CONCLUSIONS.
1. The average blood pressure in paresis, taken as a

whole, is high.
2. This is doubtless due to the prevalence of atheroma

with its cardiac and renal accompaniments.
3. The average blood pressure in cases of paresis

without atheroma, cardiac enlargement or renal dis-
order, is probably somewhat lower than that of health,
but the variations are so great that it can not be said to
be uniformly low.

4. The test is not likely to prove of great practical
value in the differentiation of paresis from other ner-
vous disorders, though here, as elsewhere, it is of great
value in estimating the circulatory condition of the in-
dividual.

5. These observations are too few to establish a rule
with regard to the blood pressure in varying emotional
states. As far as they go, however, they tend to show
(a) that the excited states of paresis are as likely to be
accompanied by high as by low pressure; (b) that men-
tal depression is accompanied by high oftener than low
pressure, but that it is not incompatible with low pres-
sure; (c) while the average pressure in euphoria is per-haps somewhat lower than in the other mental states of
the general paralytic, it is not inconsistent with high
pressure, or with pronounced atheroma with its cardiac
and renal accompaniments.

RECENT CONTRIBUTIONS TO THE PHYSIOL-
OGY OF THE CIRCULATION.

JOSEPH ERLANGER, M.D.
MADISON, WIS.

The title of this paper is misleading, in that it impliesthat herein will be found a complete review of all of the
advances recently made in the physiology of the circula-
tion. It is hardly necessary to state that it would be
\l=i'\mpossibleto read merely the titles of the importantcontributions within the time allotted to the reading of
this paper. I take it that a full review of all contributions
is not what is wanted as an introduction to a symposium
on circulatory affections, but rather a consideration, more
or less complete, of those advances which, in the presentstate of our knowledge of the subject, seem to elucidate,
or to promise to elucidate, problems of interest to the
clinician.

By way of further limitation it might be suggestedthat from the border-line subjects a choice be made of
those contributions which seem to be the most impor-tant. Judgment in this matter, however, is difficult;
indeed, it is well nigh impossible. Therefore, in order
to extricate myself from the difficulty, I have presentedmost fully those subjects, included in the class specifiedabove, in which I have taken a more or less personalinterest.

Read in the Section on Practice of Medicine of the AmericanMedical Association, at the Fifty-seventh Annual Session, June, 1906.

If it be justifiable to gauge the interest that is taken
in a subject by the number of contributions to it, then
there is perhaps no other subject which interests a largeraudience than the physiology and pathology of blood
pressure. The ardor with which this subject is beingattacked on all sides does not seem to have been abated
by the guarded but rather disheartening conclusions
reached by the Committee on Research for the Division
of Surgery, Harvard Medical School.1 Their main con-
clusion reads as follows:

The value of the Riva-Rocci apparatus in determining the
blood pressure in surgical patients is limited to a compara-tively small number of cases. The conditions of cerebral com-
pression and of surgical shock produce the most marked and
definite alterations in the blood pressure. When these condi-
tions are present and other confusing causes of alterations in
the blood pressure are eliminated, the value of the blood pres-
sure determinations, as an indication for or against operation,is increased. Under other circumstances, the value of theseobservations is at present not apparent. The adoption of blood
pressure observations in surgical patients does not at present
appear to be necessary as a routine measure.

On reading this conclusion, one is struck by the factthat the committee was able to discover decided andcharacteristic changes in the blood pressure only in those
surgical conditions which presumably involve the verynerve centers that govern the cardiovascular mechan-
ism. And the question, therefore, suggests itself: Doesthis fact serve to account for the generally unsatisfac-
tory results obtained by the committee and by almost
all other investigators who have worked in the field of
clinical blood pressure? In part, I think, it does. Allphysiologists are agreed that there is at work in the
animal organism a compensatory mechanism the main
function of which is to maintain a sufficient circulation
of blood in all organs, but particularly in those organsthe functions of which are of immediate vital impor-tance.2 Through the interaction of the centers con-trolling the heart and the caliber of the smaller ar-
teries, the force and rate of the heart beat and the re-
sistance to the flow of blood through the peripheral ves-sels are so varied to suit varying conditions that the
mean blood pressure, for instance, may be kept con-stant despite decided changes which may have occurred
in both of the above-mentioned variable factors. It fol-
lows, therefore, that under such circumstances it mav
be impossible to recognize in the data afforded by blood
pressure investigations as usually practiced, any changein the circulatory system until the disturbances in func-
tion have become so serious that the centers can no
longer compensate them. ,

In this connection, it is necessary to call attention tothe fact that in most investigations thus far made either
one or the other of the determinable blood pressures,systolic or diastolic, has been followed, and usually ithas been the systolic pressure. As a rule, it has beenforgotten in such investigations that the pressure inthe larger arteries varies through a wide range witheach beat of the heart. With each contraction of theheart the pressure in the arteries rises rapidly to itsmaximum or systolic value, and during cardiac diastole
the pressure in the arteries falls relatively slowly to itsminimum or diastolic value.

1. "Report of the Committee on Research for the Division ofSurgery," Harvard Medical School; "Blood-Pressure Observationsin Surgical Cases," Boston Med. and Surg. Jour., 1904, vol.cl,p. 255.
2. Francois-Franck: "Defense de l'organisme contre les variationsanormales de la pression arterielle," Acad. de Med., Paris, July 21,1896.
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Dawson3 has recently published a report of an inves-
tigation of the blood pressures at different points of the
arterial tree of the dog. The pressures were determined
by means of valved mercury manometers connected di-
rectly with the arteries of the animal. He found in the
carotid artery, for example, the pressures to be: sys-
tolic 162, diastolic 103, mean 122 mm. Hg. With each
pulse wave, therefore, the pressure ranges through 59
mm. Hg. For the sake of convenience, this range of
pressure with each pulse wave has been termed the pulse
pressure. The pulse pressure is the difference between
the systolic and diastolic pressures. In addition Dawson
has shown, in confirmation of older investigators,
that the mean and diastolic pressures are practically
constant throughout the large arteries, and that the
systolic pressure obtained from branches of the main
arterial trunk falls off considerably as the smaller vessels
are approached (Fig. 1).

Here special attention should be directed to the fact
that the mean and diastolic pressures are practically
constant in all of the larger arteries and that the dias-
tolic is much nearer to the mean than is the systolic
pressure. The practical significance of these relations
of the pressures to one another becomes apparent when
it is recalled that at present there is no known way of
directly determining the mean blood pressure in man.
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Fig. 1.—Aortlco-femoral system, S, M and D are the systolic,
mean and diastolic end pressures, respectively. The solid lines
connect end pressures taken in side branches of the aortlco-femoral
trunk. Broken lines connect pressures taken in the main trunk
of the system. B, C is the branehio-cephallc artery; Sb, left sub-
clavian ; C, celiac axis; S M, superior mesenteric; R, left renal;
I M, Inferior mesenteric; I, iliac; D F, deep femoral; F, femoral;
S, saphenous (Dawson).

But it follows from the above-mentioned facts that the
diastolic pressure is a much more accurate indicator of
the mean than is the systolic.

At least four methods have been proposed for deter-
mining the systolic pressure in man, namely: 1. The
method of obliteration,4 compression or decompression
of an artery until the pulse distal of the point of com-
pression or decompression disappears or reappears, re-

spectively. 2. The method of von Frey,5 submersion of
the arm in mercury and measurement of the distance
from the surface of the mercury of the place in the arm
where the subjective pulsation is the most intense. 3.
The method of Gaertner,6 the flushing of the finger tip,
which previously has been made anemic, during decom-
pression of the digital arteries. 4. The method of von

3. Dawson: "The Lateral Blood Pressures at Different Points
cf the Arterial Tree," Amer. Jour. of Physiol., 1906, vol. xv., p. 244.

4. v. Basch: "Ueber die Messung des Blutdrucks am Mens-
chen," Ztschr. f. klin. Med., 1881, vol. 11, p. 79.

5. Chir. Beit. Fests. f. Benno Schmidt, Leipsig, 1896; ref. Sahli;
"Lehrb. der klinischer untersuchungsmethoden." Second ed., 1899.

6. Gaertner: "Ueber einen neuen Blutdruckmesser (Tonom-
eter)," Wien kiln. Wochschr., 1899, No. 25, p. 696.

Recklinghausen,7 the first abrupt increase in amplitude
of pulsations transmitted from the artery, during its
decompression, to the object compressing the artery.

Many tests8 have been made of the accuracy of estima-
tions with the method of obliteration. The results ob-
tained are by no means uniform, but the discrepancies
are probably largely due to the fact that investigators
in many instances are not sufficiently well acquainted
with the subject of hemodynamics, with the theory of
the manometers used for the direct measurement of the
blood pressure. Furthermore, the peripheral pulse has
been palpated, not recorded, in too small an artery.
There is no need of discussing here how these facts have
influenced the results obtained by different investigators.
According to recent investigations it -would appear that
when the tests are made on the exposed arteries of ani-
mals the method of obliteration is found to be very ac-
curate indeed.9

In animals when the artery is covered by surrounding
tissue the estimation varies somewhat with the thickness
of the tissue and with the width of the compressing cuff.
But such animal experiments permit the assumption
that fairly accurate estimations may be made in man.
With cuffs of sufficient width the error need not be more  

than —i mm. Hg.10
In this connection I wish to call attention to the test

of the method of Vierordt, recently published by Mum-
mery,11 who states that "the accuracy of the readings
(of the Riva-Rocci apparatus) has previously been tested
by observations on the cadaver, . . . but this method
of testing the instrument is very unsatisfactory and un-
reliable." He does not seem to know that tests of the
method of Vierordt have been made on the living ani-
mal. And in the statement that the Riva-Rocci "appa-
ratus registers the maximum systolic pressure" it is
evident that Mummery is not acquainted with the mean-

ing of the terms used.
Mummery's method of testing the instrument consists

of making simultaneous readings with the ordinary mer-

cury manometer in the right femoral artery and with
the Riva-Rocci apparatus attached to the left thigh of a

dog. With certain exceptions, which he explains to his
own satisfaction, he* finds that the readings made with
the two instruments correspond very well indeed. He
then implies that he has proved that the Riva-Rocci in-
strument registers the systolic pressure. It is not stated
how his mercury manometer was read, whether at the
crest of its swing or at its mean position; in either case,
but especially in the latter, the readings made would be
very far from the true arterial systolic pressure. Neither
does Mummery state the width of the cuff used to apply
the pressure to the thigh, nor does he seem to know that
it is impossible to apply circular pressure to the thigh
of the dog without having a large component of the

7. v. Recklinghausen: "Ueber Blutdruckmessung beim Mens-
chen," Arch. f. exp. Path. u. Pharmak., 1901, vol. xlvi, p. 78.

8. Potain: "Determination experimentale de la valeur du
sphygmomanometre," Arch. de Physiol., 1890, fifth series, vol. ii,
p. 300.

9. Gumprecht: "Experimentelle und klinische Pr\l=u"\fungdes Riva
Roccischen Syphygmomanometers," Zschr. f. klin. Med., 1900, vol.
xxxix, p. 377.

10. Erlanger: Proc. Amer. Physiol. Soc., Dec., 1903, p. 14; also,
"A New Instrument for Determining the Minimum and Maximum
Blood Pressures in Man," Johns Hopkins Hosp. Rep., 1904, vol. xii,
p. 53.

11. Mummery: "Comparison of Blood-Pressure Readings Ob-
tained Simultaneously With a Manometer and With a Sphygmo-
manometer," Proc. Physiol. Soc., Jour. of Physiol., 1905, vol. xxxii,
p. 23; also "The Physiology and Treatment of Surgical Shock and
Collapse," Lancet, 1905, vol. i, p. 696.
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pressure lost in dragging the cuff toward the apex of
the cone. These observations of Mummery are there-
fore valueless and misleading.

The accuracy of estimation made by the method of
von Recklinghausen has been tested on the exposed ar-

tery of the dog, although not so carefully as is desirable.
The method seems to be very accurate. Comparisons of
estimations in man by the methods of von Recklinghau-
sen and Vierordt indicate that with the latter method
the estimations may be from 5 to 10 mm. Hg. too low.10
The estimations made with the method of von Frey are
too subjective to allow of satisfactory testing.

The method of Gaertner is open to the objection that
the arteries of the fingers are probably small enough to
participate directly in vasomotor changes.12 Therefore a
rise of the general blood pressure, which in part is caused
by constriction of the digital arteries, may be associated
with a fall of pressure in the terminal phalanges. That
this does occur is practically demonstrated by the fact
that cold, which usually causes peripheral constriction
with consequent rise of the general blood pressure, seems
to cause a fall of pressure as estimated by the method of
Gaertner.13

There are two methods by means of which the diastolic
pressure may be estimated in man. The older method,
that of Marey, consists of determining the pressure un-
der which the pulse will transmit oscillations of great-
est amplitude to the object with which the pressure' is
being applied to the artery. Within the past ten years
many opinions have been expressed as to which pressure,
mean or minimum, is determined by this method. Within
comparatively recent years, owing largely to the in-
vestigations of Howell and Brush,12 the decision has been
reached that the method of maximum oscillations deter-
mines the diastolic pressure. There seems to be but one

investigator, von Recklinghausen, who now maintains
that maximum oscillations are obtained at a mean

pressure.7 This opinion is based on the observation that
if a tracing be made of the oscillations obtained from
an artery while the pressure on it is slowly falling the
largest oscillations will be obtained some time before an

abrupt diminution in amplitude occurs. In such a case
von Recklinghausen assumes, rightly, I believe, that the
pressure on the artery was diastolic when the abrupt
diminution in amplitude was registered, and that the
maximum oscillations, therefore, were obtained while the
pressure on the artery was above the intra-arterial dias-
tolic pressure. But it can readily be shown that if the
pressure on the artery be allowed to fall somewhat more
slowly than in von Reckinghausen's experiments the max-
imum oscillations will be followed immediately by the
abrupt diminution in amplitude.10 The cause of the
discrepancy which is seen when the pressure on the
artery falls rapidly can not be discussed here. Let it
suffice to state that, under any circumstances, the dias-
tolic pressure corresponds with the abrupt diminution
in amplitude.

The second method with which it has been proposedto determine the diastolic pressure in man depends on
the observation that while gradually compressing an

artery, at a certain pressure the pulse peripherally of the
place of compression diminishes in amplitude. Jane-
way,1* who first noted this phenomenon, did not feel
justified in concluding that it permitted of the estima-

12. Howell and Brush; "Critical Note on Clinical Methods of
Measuring Blood Pressure," Trans. Mass. Med. Soc., June 12, 1901.

13. Raab: M\l=u"\nch.med. Wochschr., 1905, No. 50.
14. Janeway: "Observations on the Estimation of Blood Pres-

sure in Man," New York Bull, of Med. Sc., 1901, vol. i, p. 105.

tion of the diastolic pressure. He cautiously states that
"the pressure to produce it must lie above the minimum
pressure in the artery." Other investigators, among
them Masing,15 but particularly Strassberger16 and
Sahli,17 maintain, on a priori grounds entirely, that the
principle of Janeway gives diastolic pressures; but the
proof is lacking that such is the case. It has been noted
by Strassberger, and the same fact is illustrated in the
tracings reproduced by Sahli, that the amplitude of the
pulse wave increases before the diminution in amplitude
occurs. Strassberger, therefore, estimates the diastolic
pressure by noting the pressure at which the pulse waves
of increasing amplitude first began to diminish, using
for the compression of the artery the Riva-Rocci sphyg-
momanometer. The changes in amplitude of the radial
pulse are noted with the finger. Sahli likewise employs
the Riva-Rocci instrument to apply pressure to the
brachial artery, but he records the changes in the radial
pulse with the Jaquet sphygmochronograph. As stated
above, it is assumed that the pressure exerted on the
brachial artery is diastolic when the pulse diminishes in
amplitude.

It would be a relatively simple matter to test the ac-
curacy of this assumption on the living animal, but, to
my knowledge, no such tests have yet been made. In the
absence of such tests it becomes necessary to call atten-
tion to the fact that there are obviously two processes at
work tending to alter the amplitude of the peripheral
pulse while the artery is being compressed. First, by some
unknown factor tends to enlarge the pulse amplitude;
second, by the pressure from without must constantly
tend to diminish the amplitude of the peripheral pulse
by diminishing the caliber of the artery. It is true that
the latter factor will not be great so long as the exter-
nal pressure is less than the intra-arterial minimum;
the great diminution in caliber will occur when the
diastolic pressure is exceeded. There is no justification
for Sahli's assumption that the arteries suffer no lateral
expansion with the advent of the pulse wave and that,
therefore, the caliber of the artery is not diminished by
external pressure until that pressure exceeds the dias-
tolic.

Since, then, there are two factors altering the ampli-
tude of the peripheral pulse in opposite directions, any
a priori conclusion as to the value of the pressure de-
termined by the method of Janeway must necessarily
be questionable. It is true that comparisons have been
made of estimations of the blood pressure determined by
the methods of Marey and of Janeway. But, unfor-
tunately, the results obtained by two investigators do
not agree. Thus Janeway states that the pressure at
which the pulse waves as recorded with the sphygmo-
graph diminish in amplitude "always lies above the lower
limit of maximal pulsation, as shown by the Hill-
Barnard14 sphygmometer." Whereas Brush18 found that
the diminution in the amplitude of the peripheral pulse,
as determined by palpation, corresponds fairly closely
with the diastolic pressure as determined with my in-
strument. It is to be regretted that the latter investi-
gator did not employ a more objective method of study-
ing the variations in the peripheral pulse.

15. Masing: "Ueber das Verhalten des Blutdrucks der jungen
und der bejahrten Menschen bei Muskelarbeit," Deuts. Arch. f. klin.
Med., 1902, vol. lxxiv, p. 253.

16. Strassberger: "Ein Verfahren zur Messung des diastolischen
Blutdrucks und seine Bedeutung f\l=u"\rdie Klinik.," Zeitschr. f. klin.
Med., 1904, vol. liv, p. 373.

17. Sahli: "Ueber das absolute Sphygmogramm und seine klin-
ische Bedeutung," Deuts. Arch. f. kiln. Med., 1904, vol. ixxxi, p. 493.18. Brush: Amer. Med., July 15, 1905, p. 97.
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The question now arises: Does the knowledge of either
one of the determinable blood pressures (systolic and
diastolic) suffice in physiologic and clinical observations
or are the advantages which may be gained from the
knowledge of both pressures so great as to demand their
estimation in all cases ?

There is no doubt that the diastolic pressure gives
the better clue to the driving force of the blood stream,
i. e., the geometric mean of the blood pressure. This is
indicated by the fact that the diastolic pressure lies
much nearer to the mean, and follows its variations
much more accurately than does the systolic. When,
therefore, it is desired to know the mean pressure ap-
proximately, the diastolic pressure should be determined.
If, on the other hand, it is desired to know the strain to
which the arteries are subjected, then must the systolic
pressure be determined. But there are some reasons for
believing that a change in the mean pressure may occur
without affecting one or the other of the determinable
pressure and, conversely, that the diastolic and systolic
pressures may change without there being any corres-

sponding change in the mean.12 Also it can be shown that
both the systolic and diastolic pressures must be known
in such and similar cases in order that the nature of the
change in the circulation may be determined.

In this connection, it was first suggested by the au-
thor19 that, under more or less normal conditions, it
should be possible to determine changes in the relative
velocity of blood flow in the aorta, and the factors deter-
mining such changes, from a knowledge of the associated
changes in the pulse pressure (the difference between
the systolic and diastolic pressures), the blood pressure
(diastolic) and the pulse rate. The argument, which
was almost entirely a priori, was briefly as follows: In
a constant circulatory system the heart will pump blood
into the arteries until an arterial pressure is produced
which is sufficiently great to force out of the arteries,
against the peripheral resistance, an amount of blood
equal to that which is thrown into the arteries. At the
end of each cardiac cycle the pressure in the arteries
will be at its lowest or diastolic level. With each cardiac
systole the pressure in the root of the aorta will rise
rapidly to its maximum or systolic value. Other things
being equal, the difference between the systolic and dias-
tolic pressures, i. e., the pulse pressure, should vary with
the amount of blood thrown out by the heart with each
beat. When the mean blood pressure is constant an

equivalent of the amount of blood which is thrown out
by the heart during systole must escape from the ar-
teries into the veins during diastole. In the pulse pres-
sure, therefore, we have a measure of the systolic output
of the heart. This systolic output, or rather the pulse
pressure caused by it, when multiplied by the pulse rate
per minute should give the relative velocity of blood
flow in the aorta. Since it has been shown that the
methods employed for estimating the blood pressures in
the brachial artery of man determine the lateral pulse
pressure in the aorta,3 we have at hand the means of de-
termining the relative velocity of blood flow in man. It is
necessary to bear in mind in this connection that there
are many factors, whose values are still unknown, which
may operate to vitiate the value of the pulse pressure as
an index to the relative velocity of flow. Among such
factors the following may be found to be of importance:
the capacity of the arterial system, the rigidity of the ar-

19. Erlanger and Hooker: Proc. Amer. Physiol. Soc., Dec., 1903,
p. 15; also, "An Experimental Study of Blood Pressure and Pulse
Pressure In Man," Johns Hopkins Hosp. Rep., 1904, vol. xii, p. 145.

terial walls which may vary with the arterial pressure
and degenerative changes, the rate of systolic output, the
superposition of secondary on primary waves, etc.

Sahli17 discussed this phase of the blood-pressure
problem and independently arrived at the conclusion,
in which he was opposed by Strassberger,20 that the
pulse pressure is valueless as an index to the velocity of
blood flow. It should' be stated that Sahli seems to have
had in mind the possible value of the pulse pressure in
pathologic conditions only, and, in the absence of experi-
mental data, his conclusion in this regard seems to be
justifiable. Nevertheless, it is possible to collect from
the physiologic literature facts which indicate that a

distinct association exists between pulse pressure and
systolic output. Therefore, it seems reasonable to main-
tain that in physiologic conditions, at least, the products
of the pulse rate by the pulse pressure in the same sub-
ject vary with the velocity of blood flow.

By way of illustration of the value of this assumption
a few observations made in man will be given.19 An
average of many observations in man shows that with
the assumption of the erect from the recumbent posture
the systolic pressure suffers practically no alteration,
whereas the diastolic pressure rises; the pulse pressure,
therefore, becomes smaller. The pulse rate is faster with
the individual in the standing position, and it results
that the product of the pulse rate by the pulse pressure
is practically the same in both positions. It certainly
seems probable that the compensatory mechanism would
strive to maintain the same velocity of blood flow when
the body is in two normal positions, and the fact that
the product of the pulse rate by the pulse pressure is
identical in the two positions of the body may be taken
as proof that the compensation is perfect. It should be
noted in connection with this experiment that if only
systolic pressure estimations had been made, the erro-
neous conclusion would have been reached that the
blood pressure is not changed by alterations in the
position of the body.

As a second illustration, we may choose the effect on
the pressures of immersing the body in the erect posi-
tion in warm and in cold water. When the body is in
warm water, the diastolic pressure is high, but, the
systolic pressure being relatively higher than the dias-
tolic, the pulse pressure is large. At the same time, the
pulse rate may be more rapid than that of the normal
standing position. The product of the pulse rate by the
pulse pressure is, therefore, remarkably large, indicating
a high velocity of blood flow. When the body is im-
mersed in cold water, the diastolic pressure, as in the
former case, is high, but since the systolic pressure does
not increase to the same extent as the diastolic, the pulse
pressure is relatively small. The pulse rate may be
slow. The product of the pulse pressure by the pulse
rate is, therefore, small, indicating a low velocity of
blood flow. It will be noted that in both parts of this
experiment the blood pressure was increased over the
normal by immersion in water. But the effect of the
warm water was, as we should expect, to increase the
velocity of blood flow, whereas the effect of the cold
water was to diminish the velocity of flow.

It should not be necessary to make any further com-
ments on the value of simultaneous estimations of the
systolic and diastolic pressures. Their values, or, rather,
the necessity of making them in all cases, can be read
in the brief accounts of the experiments quoted above.

20. Strassberger: "Ueber Blutdruck, Gef\l=a"\sstonusund Herzaebeit
bei Wasserb\l=a"\denverschiedener Temperature," Deuts. Arch. f. kiln.
Med., 1905, vol. lxxxii, p. 459.
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The pulse pressure may prove to be of value in still
another connection. Mall and Welch,21 in an experi-
mental study of infarct formation in the intestine, have
shown that diapedesis of the red blood corpuscles occurs
when the blood flow through an artery is cut down to
such a point that lateral pulsations of the walls of the
peripheral arteries can no longer be seen. In the same
connection, Hamel22 and Kronecker23 have shown that
the edema, which is so apt to develop in artificially per-
fused organs, may be largely obviated by perfusing with
a fluid driven by a pulsating pressure. The absence of
pulsation, therefore, seems to favor extravasation of
blood through the blood vessels into the tissues.

It has been shown that this property of the pulse
pressure is probably of considerable significance in man.
For example, the amount and composition of the urine
seems to vary with the pulse pressure; and, in a case of
orthostatic albuminuria, the output of albumin was
found to bear a very distinct relation to the magnitude
of the pulse pressure; albumin appearing or increasing
in amount in association with diminution of the pulse
pressure and diminishing or disappearing with increase
of the pulse pressure.19

Before leaving the subject of blood pressure, attention
should be directed to the relation which it bears to
Cheyne-Stokes respiration, since an important contribu-
tion to this association has recently been made by
Eyster.24 This investigator recognized at least two
forms of Cheyne-Stokes respiration, one associated with
increased intracranial tension, the other occurring in
association with arteriosclerosis, myocarditis, nephritis,
etc.

In regard to the first form of Cheyne-Stokes respira-
tion, it has long been known from experiments on ani-
mals

'
that, when the intracranial tension is high, the

blood pressure is apt to vary in the form of long regular
waves, the so-called Traube-Hering waves. It has also
been noted that at such times the respirations often
become periodic. Hill25 noted that the respirations, i. e.,
the periods of hyperpnea, occur during the ascendinglimbs of the Traube-Hering waves, the apneic periodswhile the pressure is falling. In one clinical case Hill
was able to show by means of the plethysmograph that
dilation of the vessels of the arm and hand occurs duringthe period of apnea and constriction with dyspnea. In
other words, he has obtained rather indirect evidence
that in man the same changes in blood pressure are as-
sociated with periodic respirations as in the dog.

Cushing26 first showed clearly that when, in the dog,the intracranial pressure exceeds the blood pressure,
there seems to occur an increase in the activity of the
vasoconstrictor center and that this results in a rise of
the blood pressure, until, in favorable cases, it exceeds the
intracranial pressure, when the brain, which had pre-viously been anemic, receives a supply of blood. In cer-
tain eases this increased activity of the vasoconstrictor
center seems to endure for but a relatively short period;with its fatigue, perhaps, the blood pressure falls, the

21. Mall and Welch (Quoted by Welch): "Thrombosis and Embo-
lism," Allbutt's "System of Medicine," 1899, p. 254.

22. Hamel: "Die Bedeutung des Pulses f\l=u"\rden Blutstrom,"
Ztschr. f. Biol., 1889, vol. xxv, p. 474.

23. Kronecker: "Importanza del Polso per la Circolazione del
Sangue," Atti della R. Acc. del Lincei, 1889, p. 270, ref., Centbl.
f. Physiol.

24. Eyster: To appear in Jour. of Exp. Med.
25. Hill. "Cerebral Circulation," Lond., 1896.
26. Cushing: "Concerning a Definite Regulatory Mechanism of

the Vasomotor and Center Which Controls Blood Pressure During
Cerebral Compression," Johns Hopkins Hosp. Bull., 1901, vol. xii,
p. 290.

brain again becomes anemic, and again the anemia
stimulates the vasoconstrictor center. In this way the
periodic waves of blood pressure seem to be produced.
When, with the fall of blood pressure the brain becomes
anemic, the respirations cease; they begin again when
the brain receives blood. It would, therefore, appear
that the periodic respiration seen in conditions of in-
creased intracranial tension results from these alter-
nating periods of ischemia and flushing of the brain.
But the conditions are not so simple as stated. Eyster2*
points out that it is necessary to take into account the
general irritability of the respiratory center. This
phase of the question does not concern us here. Cush-
ing was able to show in two cases of increased intra-
cranial tension with Cheyne-Stokes respiration in man
that the periods of hyperpnea are coincident with rises
of the systolic pressure, the apneic periods, with falls.27

These determinations can not be considered conclusive,
since we have seen that the systolic pressure may varyindependently of the mean and diastolic pressures.Eyster has demonstrated beyond doubt, however, that in
man a rise of blood pressure precedes, or is coincident
with, the beginning of the period of hyperpnea. The
method employed by Eyster for this purpose deserves a
word of mention. Using the author's sphygmoman-
ometer, Eyster first determined the systolic and di-
astolic pressure. The instrument was then set at a

pressure midway between the determined pressures
and a record was made on a revolving drum of the
pulsations obtained in this way. Such pulsations
are, of course, intermediate in size between those ob-
tained at systolic and diastolic pressure. It was
stated above that maximum oscillations are ob-
tained at diastolic pressure. If, therefore, the pres-
sure in the artery should rise, the oscillations would
increase in amplitude, since the diastolic pressure would
then be closer to the pressure in the instrument; and,vice versa, should the diastolic pressure fall, the re-
corded oscillations would diminish in amplitude, since
the diastolic pressure would then have receded from the
pressure at which the instrument had been set. This
method of studying oscillations in the blood pressure,
which are too rapid to be followed by methods generallyemployed, was first used by Mosso28 and later by my-
self.29

It was also with the aid of this method that Eyster
was enabled to recognize a second type of Cheyne-Stokes
respiration associated with periodic changes in the blood
pressure. He found that when Cheyne-Stokes respirationis met with in other conditions then increased intracra-
nial tension, the hyperpnea occurs while the blood pres-
sure is falling. Eyster does not attempt to suggest an

explanation of this association, but it is implied that
there exists a permanently low state of irritability of the
respiratory center and that the center, therefore, re-

quires an abnormally strong stimulus to arouse it into
activity. This strong stimulus presumably is supplied
by the accumulation of waste products in the center
when, through the fall of the blood pressure, the irriga-tion of the center becomes insufficient. This inference
is supported by the fact that carbon dioxid, administered
toward the end of the period of hyperpnea, has, in one

27. Cushing: "The Blood Pressure Reaction of Acute Cerebral
Compression," Amer. Jour. of Med. Sc., 1903, vol. cxxv, p. 1017.

28. Mosso: "Sphygmomanometre pour mesurer le pression du
sang chez l'homme," Arch. it. de Biol., 1895, vol. xxiii, p. 177.

29. Erlanger: "The Physiology of Heart Block in Mammals,
With Especial Reference to the Causation of Stokes-Adams Disease,"
Jour. of Exp. Med., 1905, vol. vii, p. 676.

Downloaded From: http://jama.jamanetwork.com/ by a Yale University User  on 05/16/2015



case of this type of Cheyne-Stokes respiration, promptly
abolished any tendency to apnea.30

PHYSIOLOGY OF THE HEART.
Within recent years many new researches into the

cause of the heart beat have been undertaken. Indeed,
this subject seems to have been attacked by the physiolo-
gist with renewed vigor.

One of the most remarkable phenomena which this
activity has brought to light is the astounding longevity
of the mammalian'heart after the death of the organism.
To Martin belongs the credit of having first demon-
strated the fact that the heart of the dog may be kept
beating if the coronary circulation be maintained by
driving defibrinated blood through the aorta toward the
heart.31 In these experiments the blood was aerated by
passage through the animal's lungs. Some years later
Langendorff simplified the process somewhat in that
the blood was aerated by exposure to an atmosphere of
pure oxygen instead of being passed through the lungs.32
Still more recently, it was discovered that, as was known
to be the case with the cold-blooded heart, the salts of
the blood, not its complex constituents, are of prime
importance in originating and maintaining the beat of
the mammalian heart.33 It was found that a solution
containing sodium chlorid, potassium chlorid, calcium
chlorid, approximately in the proportions in which they
occur in the blood, when perfused through the isolated
heart, will cause it to beat. In 1901, Locke determined
the solution best suited to prolonged activity of the iso-
lated heart.34 Such a solution contains, beside the
above-mentioned salts, sodium bicarbonate, dextrose and
oxygen. With this solution Locke has recently suc-

ceeded in maintaining the beat of the rabbit's heart,
with some interruptions, for five days,35 and other in-
vestigators have succeeded in reviving the hearts of
mammals, including man, many hours after death of the
organism. Usually in these latter experiments the dead
animal or the excised heart is put on ice until the at-
tempt is made to revive the heart by artificial perfusion
of the coronary system. In this way Kuliabko38 has re-

vived a part of the heart seven days after the death of
the organism. The monkey's heart has been revived
almost fifty-four hours after death.37 It has been found
possible to revive the hearts of children dead of disease.
Thus Kuliabko succeeded in causing the heart of a

child to beat twenty hours after death from pneumo-
nia.36

It is interesting to note that the pioneers in this field
of research entered on experiments with fear and anx-

iety; the preparations were made with almost funereal
solemnity. Now these experiments are among the easiest
the physiologist has to perform. As an example of this
it may be stated that one experimentor,37 instead of

30. Pembrey, Beddard and French: "Observations on Two Cases
of Cheyne-Stokes' Respiration," Proc. Physiol. Soc., Jour. of
Physiol. 1906, vol. xxxiv, p. 6.

31. Martin: "A New Method of Studying the Mammalian Heart,"
Stud, from the Biol. Lab., Johns Hopkins Univ., 1882, vol. ii, p. 119.

32. Langendorff: "Untersuchungen am \l=u"\berlebendenS\l=a"\ugethier-
herzen," Pfl\l=u"\g.Arch., 1895, vol. lxi, p. 291.

33. Rusch: "Experimentelle Studien \l=u"\berdie Ern\l=a"\hrungdes
isolirten S\l=a"\ugethierherzens,"Pfl\l=u"\g.Arch. 1898, vol. lxxiii, p. 535.

34. Locke: "Die Wirkung der Metalle des Blutplasmas und
verschiedener Zucker a. d. isolierten S\l=a"\ugethierherz,"Centbl. f.
Physiol. 1901, vol. xv, p. 490.

35. Locke and Rosenheim: "Notiz \l=u"\berdie Ueberlebensdauer des
isolierten S\l=a"\ugethierherzens,"Centbl. f. Physiol., 1905, vol. xix,
p. 737.

36. Kuliabko: "Weitere Studien \l=u"\berdie Wiederbelebung des
Herzens," Pfl\l=u"\g.Arch., 1903, vol. xcvii, p. 539.

37. Hering: "Uber die Wirksamkeit der Nerven auf dem Tode
wiederbelebte S\l=a"\ugethierherz,"Pfl\l=u"\g.Arch., 1903, vol. xcix, p. 245.

making all preliminary dissections on the living animal,
with the confidence born of experience, boldly kills the
animal, eviscerates it, dissects out the cardiac nerves,
and, then only, begins to perfuse the heart.

The only difficulty experienced in reviving the mam-

malian heart consists in the tendency which it sometimes
displays to go into so-called fibrillary contractions in-
stead of beginning to beat cobrdinately. No satisfactory  

explanation of the cause of this phenomenon has yet
been suggested. Fibrillation, once begun, is apt to per-
sist with the greatest of obstinacy. Indeed, not so many
years ago, some investigators went so far as to deny the
possibility of reestablishing coordinated contractions in
a ventricle which has once fibrillated. Recently Hering
discovered that if the fibrillating heart be brought to
rest by perfusing it for a short while with a 1 per cent,
solution of potassium chlorid, on subsequent perfusion
with Ringer's solution, the heart will beat coordinate-
ly.38 In the same connection it has been shown by Selig-
mann that camphor will cause a fibrillating heart to beat
coordinately.39 After the injection of camphor, strong
stimulation of the ventricles may cause them to fibrillate,
but this fibrillation always ceases with the cessation of
the stimulation,40 whereas, in the absence of camphor,
the fibrillation usually continues until all movements of
the heart cease. It should be added, however, that the
last investigator in this field maintains that camphor has
absolutely no influence over fibrillary contractions.41

During the last few years the controversy between the
neurogenists and the myogenists has been waged with
renewed vigor, and consequently many facts have been
gathered, some of which favor the view that the mechan-
ism which determines the beat of the heart is nervous;
others, the view that the impulse which causes the heart
to beat arises in, and is conducted through, the myocar-
dium. This controversy has recently been reviewed by
Howell with his characteristic clearness.42 Only one

phase of this question, namely, that dealing with the
path of conduction of impulses from auricles to ventri-
cles in the mammalian heart will, therefore, be consid-
ered here. This subject has been chosen for considera-
tion, because it has served to elucidate some hitherto
obscure pathologic phenomena noted in the human
being.

The theory of myogenic origin and muscular conduc-
tion of the impulse which causes the heart to beat as-
sumes that the impulse arises in the musculature in the
region of the mouths of the great veins and is trans-
mitted from this place through muscle to the arterial
end of the heart. The successive regions of the heart,
therefore, contract from above downward.

Thus, as is well known, there is a perceptible interval
between the contraction of the auricles and the contrac-
tion of the ventricles. Some evidence has been obtained
that in the mammalian heart the impulse arises in the re-

gion which lies between the mouths of the two vense
cava?.43 At least this is the only region the warming or

38. Hering: "Ueber die Wirksamkeit des Accelerans auf die von

den Vorh\l=o"\fen.abgetrennten Kammern isolirter S\l=a"\ugethierherzen,"
Centbl. f. Physiol., 1903, vol. xvii, p. 1.

39. Seligmann: "Zur Kreislaufswirkung des Camphers," Arch. f.
exp. Path. u. Pharmak., 1905, vol. lii, p. 333.

40. Gottlieb: "Zur Herzwirkung des Kamphers," Ztschr. f.
exp. Path. u. Therap., 1905, vol. ii, p. 385.

41. Winterberg: "Ueber Herzflimmern und seine Beeinflussung
durch Kampher," Ztsch. f. exp. Path. u. Therap.

42. Howell: Harvey Lecture, "The Cause of the Heart Beat,"
The Journal A. M. A., June 2 and 9, 1906, pages 1665 and 1749.

43. McWilliam: "The Rhythm of the Mammalian Heart," Jour.
of Physiol., 1888, vol. ix, p. 167.
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cooling of which alters the rate of the whole heart.44
From this region, therefore, the impulse must spread
through the auricles into the ventricles. If this impulse
spreads through muscle, then there must be a muscular
connection between auricles and ventricles.

The existence of such a connection was for many
years denied by anatomists and by some physiologists.
In 1893 Kent45 stated that such a connection exists,
although he did not exactly localize it. Indeed, it has
been said that Kent's methods did not suffice to demon-
strate the presence of muscle fibers.46 In the same year
His, Jr.,47 exactly localized a definite muscular bundle
connecting the septum of the auricles with the septum
of the ventricles. Practically no notice was taken of
this work until 1904, when the existence of this bundle
was confirmed and its exact anatomy described by Ret-
zer,46 Braeunig48 and Humblet.49 In 1905, Tawara50
described its minute anatomy. This investigator believes
that the auriculoventricular bundle of His consists of a
tissue which differs microscopically from the rest of the
heart muscle. He thinks it is composed of so-called
Purkinji fibers and that it is a part of the Purkinji
system of fibers which ramifies through the heart muscle.
In a general way it may be said that the auriculoventric-
ular bundle begins in the septum of the auricles imme-
diately below the foramen ovale and from this place
passes downward and forward through the auriculoven-
tricular junction where it comes into close relation with
the auriculoventricular valves. Arrived in the septum
of the ventricles, it courses downward and forward over
the upper edge of the muscular septum between it and
the membranous septum. According to Tawara, it here
divides, one part passing down the right side of the sep-
tum, the other down the left side. According to Retzer,
the dimensions of the auriculoventricular bundle in man
are 18 mm. in length, 2.5 mm. in breadth and 1.5 mm.
in thickness.

If this muscular bundle constitutes the functional
connection between auricles and ventricles, destruction
of it should block the passage of the auricular impulse
into the ventricles. Whether or not the ventricles will
then stop beating will depend on the degree to which
their inherent rhythmicity is developed. If, as is the
case with the cold-blooded heart, they are not spon-
taneously rhythmical under what might be termed nor-
mal conditions, then they should cease to beat when
complete block is produced; but if they are spontane-
ously rhythmical, they should continue to beat, but with
a rhythm totally independent of that of the auricles. It
might here be stated that it has long been known that
the mammalian ventricles possess the property of spon-
taneous rhythmicity. This was first demonstrated by
the experiments of Wooldridge,51 and subsequently by

44. Adam: "Experimentelle Untersuchungen \l=u"\berden Ausgangs-
punkt der automatischen Herzreize beim Warmbl\l=u"\ter,"Pfl\l=u"\g.
Arch. 1906, vol. cxi, p. 607.

45. Kent: "Researches on the Structure and Function of the
Mammalian Heart," Jour. of Physiol., 1893, vol. xiv, p. 233.

46. Retzer: "Ueber die muscul\l=o"\seVerbindung zwischen vorhof
und ventrikel les S\l=a"\ugethierherzens,"Arch. f. Anat., 1904, p. 1.

47. His, Jr.: "Arbeiten aus der med. Klinik zu Leipzig," 1903,
ref. Retzer, (46).

48. Braeunig: "Ueber mucul\l=o"\seVerbindungen zwischen Vorkem-
mer und Kammer bei verschiedenen Wirbelthierherzen," Arch. f.
Physiol., 1904, suppl. 1.

49. Humblet: "Le Faisceau inter-auriculo-ventriculaire constitue
le lien physiologique entre les oriellettes et les ventricules du c\l=oe\ur
du chien." Arch. inter. d. physiol., 1904, vol. i, p. 278; also, "Allo-
rhythm cardiaque par section du faisceau de His," Ibid, 1906, vol.
iii, p. 330.

50. Tawara: "Die Topographie und Histologie der Br\l=u"\ckenfas-
ern," Centbl. f. Physiol., 1905. vol. xix, pp. 70 and 298.

51. Wooldridge: "Ueber die Function der Kammernerven des
S\l=a"\ugethierherzens," Arch. f. Physiol., 1883, p. 522.

those of other investigators,52 in which the functional
connection between auricles and ventricles was severed
by crushing all of the tissue in the auriculoventricular
junction.53 Under these circumstances, the ventricles
continue to beat, but with a rate which is much slower
than that of the auricles and with a totally independent
rhythm. That the same phenomenon may be elicited bydestruction of the auriculoventricular bundle alone was
first demonstrated by His, Jr., in 1895.54 In a verybrief report of his experiments, His states that section
of the auriculoventricular bundle in rabbits-causes the
ventricles to beat indpendently of, and much more slow-
ly than, the auricles.

His's observations did not receive the recognition theydeserved, probably owing to the fact that only a pre-liminary report of them was made. The recent
anatomic work on the auriculoventricular bundle has
served to stimulate further investigations into the physi-ology of the bundle. In 1904, Humblet repeated His's
experiment on the excised perfused heart of the dogand apparently obtained the same result.49 In a much
more convincing way Hering, in 1905, showed that sec-
tion of the auriculoventricular bundle causes completeindependence of the auricles and ventricles.55 In these
experiments, as in those of Humblet's, the isolated per-fused heart was employed.

My experiments on heart block in the dog were per-formed simultaneously with those of Hering.56 The
method employed differed from that of other investiga-tors in that, instead of cutting the bundle in the per-fused heart, it was compressed in a specially devised
clamp with the heart preserving its normal relations to
the organism.

The method used for compressing the auriculoventric-
ular bundle can not be described here. With gradualcompression of this bundle the following phenomena
may be noted: First, may be seen a slight increase in
the interval between the beginning of an auricular and
the beginning of its independent ventricular contrac-
tion. This, then, is the first sign of heart block. It has
been described in the human being by Weckebach,57Mackenzie58 and Rihl.59 With further clamping a de-
gree of compression may be reached in which this inter-
val—the intersystolic period—gradually increases in
length with successive beats until eventually the ven-
tricles fail to respond to one of the auricular impulses.Following this ventricular silence, the intersystolicperiod is short, but it immediately begins to lengthenagain until another ventricular beat is dropped. In this
way states may be produced in which a ventricular beat
may be dropped quite regularly in 10, 9 or 8, etc., auricu-lar beats. This condition, too, has been seen in the

52. Tigersredt: "Ueber die Bedutung der Vorh\l=o"\fef\l=u"\rdie Rhyth-mik der Ventrikel des Saugethierzens," Arch. f. Physiol., 1884,p. 497.
53. Krehl and Romberg: "Ueber die Bedeutung des Herzmuskels

und der Herzganglien f\l=u"\rdie Herzth\l=a"\tigkeitdes S\l=a"\ugethierzens,"
Arch. f. exp. Path. u. Pharmak., 1892, vol. xxx, p. 49.

54. His. Jr.: "Dritte intern. Physiol. Congress in Bern," Centbl.f. Physiol., 1895, vol. ix, p. 469.
55. Hering: "Ueber die Erregungsleitung zwischen Vorkammer

und Kammer des S\l=a"\ugethierherzens,"Pfl\l=u"\g.Arch., 1905, vol. cvii,p. 97.
56. Erlanger: "Vorl\l=a"\ufigeMitt[ill]ilung \l=u"\berdie Physiologie des

Herzblocks in S\l=a"\ugethieren,"Centbl. f. Physiol., 1905, vol. xix, p. 9;also, "Physiology of Heart Block In Mammals With Especial Refer-
ence to the Causation of Stokes-Adams Disease," Jour. Exp. Med.,1906, vol. viii, p. 8.

57. Wenckebach: "Die Arhythmie als Ausdurck bestimmter
Functions-st\l=o"\rungendes Herzens," Leipsic, 1903.

58. MacKenzie: "New Methods of Studying Affections of the
Heart," Brit. Med. Jour., March and April, 1905.

59. Rihl: "Analyse von f\l=u"\nfF\l=a"\llenvon Ueberleitungsst\l=o"\rungen,"
Zeits. f. exp. Path. u. Therap., 1905-6, vol. ii, p. 82.
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human being. With further clamping, more advanced
stages of partial block may be obtained, stages in which
only every other, or every third, or every fourth auricu-
lar beat may stimulate the ventricles, giving rise to what
are generally termed 2:1, 3:1, 4:1, etc., rhythms, re-

spectively. Usually, however, the ventricular period,
when the ventricles are beating independently of the
auricles, is shorter than the time occupied by four auric-
ular beats, so that, should the third auricular beat fail
to stimulate the ventricles, the latter may contract spon-
taneously. It is evident, therefore, that the ventricles
may beat independently of the auricles, although the
block is not actually complete. This state has been
termed relative complete block.60 Finally, when the pres-
sure on the auriculoventricular bundle becomes such that
the auricular impulse fails to pass the obstruction, the
block becomes absolutely complete. In both forms of
complete block the ventricles beat more slowly than the
auricles and independently of them. This state of af-
fairs is seen in advanced stages of Stokes-Adams dis-
ease.

When the block is produced slowly, in the manner de-
scribed above, the ventricles begin their independent
beats with a perfectly constant rate at the moment the
block becomes complete; but when the block is estab-
lished more or less suddenly the ventricles may cease
beating for- a variable interval of time—it may be as
long as seventy seconds—when they may begin to beat,
slowly at first, but with a gradually increasing rate
until that usually seen in complete heart block ob-
tains.38- 60. Naturally, the normal rate of the auricles is

VI V2 V3 V4 V5 V6 V7 V8 V9 VlO

A'I W r3/ \AA4/ U4 A^/ \^5 A6/ r6 A"6 A7/ V7 A'7 As/ I / \ / 1

Fig. 2.—Diagram to illustrate the genesis of heart block. For description see text.

not affected during such periods of stoppage of the ven-
tricles, except, secondarily, through the ischemia result-
ing from the cessation of the circulation. It is assumed
that the ventricles stop beating in this experiment, when
they are suddenly removed from the propelling action of
the auricular impulses, because the inherent rhythmicity
of the ventricles is dormant while the ventricles are be-
ing driven by the auricles; but when the auricular im-
pulses suddenly fail to reach the ventricles the latter
cease beating until their inherent rhythmicity develops
to the stage at which the ventricles will begin to beat
spontaneously.

These facts relating to heart block, as well as others
to be given below, can best be explained by fitting them
into a theory which may be represented diagrammati-
cally as in Figure 2. It might be added that this theory
is supported by many facts which can not be given
here.61 The upper line of the diagram represents the
contractions of the auricles (Al, A2, etc.) and ventricles
(VI, V2, etc.), the lower line the changes in irritabilityof the ventricles, the line 0 marking the non-irritable
level. As is .well known, the irritability of heart muscle
falls to zero, that is, the tissue will not respond to stim-

60. Erlanger and Hirschfelder: "Further Studies on the Physiol-
ogy of Heart Block in Mammals," Amer. Jour. of Physiol., 1903,
vol. xv, p. 153.

61. Erlanger: "The Effects of Extra Systoles on the Dog's Heart
and on Strips of Terrapin's Ventricle in the Various Stages of
Block," Amer. Jour. of Physiol., 1906, vol. xvi, p. 160.

uli of any strength, during the phase of contraction.
During relaxation the irritability returns, increasing
presumably rapidly at first and then more and more
slowly until the tissue again contracts. With each con-
traction of the auricles a wave of excitation descends
into the ventricles; this impulse is represented diagram-
matically by the lines marked a b, the lengths of which
have been chosen so as to vary with the strengths of the
impulses which presumably reach the ventricles. It is
assumed that the ventricles will contract when the auric-
ular impulse as represented by this line acts as an effi-
cient stimulus, i. e., when it intersects the curve of irri-
tability of the ventricles.

After completion of the second ventricular cycle in
the diagram, the clamp on the auriculoventricular
bundle is gradually tightened. With this the impulse
diminishes in strength, but it is still efficient. But in
the fourth cycle the line representing the strength of the
auricular impulse fails to meet the curve of irritability
of the ventricles. The ventricles, therefore, fail to con-
tract and their irritability, instead of falling to zero,
continues to increase. The next auricular impulse is no
stronger than was the preceding one, but at the time of
its advent in the ventricles their irritability has in-
creased to such a level that the impulse is efficient and
the ventricles respond with contraction. At this stage
we have a partial block of the 2 :1 type. In the same

way 3:1 and higher rhythms may be obtained. The
block becomes relatively complete when the auricular
impulses fail to stimulate the ventricles before the ven-
tricles begin to beat as a result of the development of

their inherent rhythmical power, and the block becomes
absolute when the auricular impulse fails to get into the
ventricles.

It has been shown experimentally that if, while the
block is partial or relatively complete, the rate of the
auricles be slowed by any means (e. g., by stimulation
of the vagus nerve), the block may become less complete,
that if the ventricle rate be increased during partial
block (by stimulation of the accelerator nerve, for ex-
ample), the block may become more complete. Indeed,
it may actually become complete, and in such a case the
ventricles may cease beating until their dormant rhyth-
micity awakens.60' 81 A glance at the diaphragm will
serve to make clear the probable mechanism of these
phenomena. It is justifiable to assume that the strengthof the auricular impulses varies inversely as the auricu-
lar rate. It is conceivable, therefore, that if the rate
of the auricles be sufficiently increased while the rhythm
is, for example, 2:1, the auricular impulses thus weak-
ened may fall short of being efficient stimuli. The
rhythm then may become 3:1 or the block may become
complete. Naturally, diminishing the auricular rate
will have the opposite effect.

Since it has been found possible to produce heart
block in other ways than by destruction of all the tis-
sue in the auriculoventricular junction, i. e., by de-
stroying the auriculoventricular bundle only, the way
has been opened to the direct solution of the question:
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Do the vagus and accelerator nerves act on both the
auricles and the ventricles ? In relation to this problem
it has been found that in complete heart block produced
by destruction of the auriculoventricular bundle the
normal influence of the vagus over the auricles is pre-
served, whereas, in the dog, at least, its influence over
the ventricles is lost or almost completely lost.56'62
Thus stimulation of the vagus in such a case may stop
the auricles, but the ventricles will continue to beat with
practically unchanged rate. It follows from this observ-
ation, and others which can not be given here, that the
prolonged60 stoppage of the ventricles which may be
obtained by stimulation of the vagus in the normal ani-
mal must be due to the fact that the vagus stops the
auricles, and the ventricles, therefore, stop until their
inherent rhythmicity develops to the point at which
they begin to beat spontaneously.60

It might be added that the vagus likewise does not act
on the ventricles of man, since in cases of complete
heart block atropin does not increase the ventricular
rate, although it exercises the usual accelerating effect
over the auricles. It has long been known that in cases
of Stokes-Adams disease (heart block) the pulse rate is
remarkably stable. For example, changes in posture
have not the usual effect on the pulse rate.29 This ob-
servation is explained by the fact that in such cases the
ventricles are not affected by vagus influences.

The accelerator nerves act directly on auricles and
ventricles: stimulation of these nerves during complete
heart block causes independent accelerations of auricles
and ventricles 56> 60- 62. And direct evidence obtained
from a case of heart block indicates that in man, too,
the accelerators act on auricles and ventricles.29

From these observations it follows that simultaneous
stimulation of inhibitory and accelerator fibers might
slow the auricles while accelerating the ventricles. This
actually does occur in the dog, and there seems to be
some grounds for believing that it would likewise occur
in man. The evidence for this opinion follows. In ad-
vanced cases of Stokes-Adams disease with complete
heart block, it has been observed that mild syncopal at-
tacks may occur in association with Cheyne-Stokes res-
piration.29- 63 This has also been seen in an instance
of complete heart block experimentally produced in the
dog.64 In such cases in association with the onset of the
period of hyperpnea, acceleration of the auricles and
marked retardation of the ventricles may occur. In the
present state of our knowledge, these changes in the rates
of auricles and ventricles can be explained only on the
assumption that they are caused by a simultaneous dimi-
nution in the tone of the vagus and accelerator centers
in the medulla. The auricles, which are influenced
mainly by the vagus, would then beat faster, whereas
the ventricles, which are influenced by the accelerators
only, would beat more slowly.

There seems to be still another way in which the
syncopal attacks of Stokes-Adams disease might be;
caused, namely, by a sudden increase of the auricular
rate while the block is partial. It was stated above that
in the dog the block may under such circumstances be-

62. Hering: "Ueber die unmittelbare Wirkung des Accelerans und
Vagus auf automatisch schlagende Abschnitte des S\l=a"\ugethierher-
zens," Pfl\l=u"\g.Arch., 1905, vol. cviii, p. 281 Hering here does not
refer to the cause of stoppage of the ventricles seen on vagus stim-
ulation in the normal heart.

63. His, Jr.: "Ein Fall von Adams-Stokes'scher Krankheit mit
ungleichzeitigem Schlagen der Vorh\l=o"\feund Herzkammern (Herz-
block), Deuts. Arch. f. klin. Med., 1889, vol. lxiv, p. 316.

64. Cullen and Erlanger: "Experimental Heart Block," Read be-
fore the Johns Hopkins Med. Soc., April 23, 1906.

come complete and that the ventricles may then stopbeating until their inherent rhythmicity develops. It is
this marked slowing of the ventricles which directly
causes the syncopal attacks.29-65

Thus far reference has been made only to heart block
resulting from obstruction to the passage-of impulsesfrom auricles to ventricles. It is necessary to bear in
mind the possibility of there being other forms of heart
block, although it is my opinion that the term heart block
should not be applied to any condition other than func-
tional insufficiency of the auriculoventricular bundle.

1. It is conceivable that under certain circumstances
the cardiac impulse, through disease of the auricles or
of the great veins, may be so feeble as always to con-
stitute a subminimal stimulus for the ventricles. Under
such circumstances, the auricles and ventricles would
beat independently of one another. I know of no in-
stance of heart block clearly due to such disturbance.
2. On the other hand, it is conceivable that through dis-
ease or drugs the irritability of the ventricles may be
reduced to such an extent that auricular impulses of
presumably normal strength may fail to act as efficient
stimuli to the ventricles. According to Straub, the ad-
ministration of antiarin, an alkaloid of the digitalis
group, to the frog may be followed by the developmentof a partial block.66 Straub has brought forward evi-
dence which seems to indicate that in such cases the
antiarin acts by diminishing the irritability of the heart
muscle. This fact is of very great interest in that it
may serve to explain the observation recently made byMacKenzie that in man the administration of digitalis
may result in the development of a partial block, appar-ently at the auriculoventricular junction.58 In the same
connection Hering has shown that the apparent block
following the administration of strychnia can likewise
be explained only upon the assumption that the irritabil-
ity of the ventricular muscle is reduced by the drug.67Since allorhythmia and complete independence of the
beats of auricles and ventricles apparently may be
brought on in several ways, the question suggests itself:
What is the cause of heart block in man? A definite
answer to this query can not be given jn the present state
of our knowledge. The only justifiable answer is that
disease of the auriculoventricular bundle has been found
in all cases, now four in number, of Stokes-Adams dis-
ease (heart block) which have come to autopsy since it
has been proved that the auriculoventricular bundle con-
stitutes the only physiologic nexus between auricles and
ventricles.68

65. Webster: "Cardiac Arrhythmia in Relation to Cerebral
Anemia and Epileptiform Crises," Glasgow Hosp. Rep., 1900, vol. iii,
p. 413.

66. Straub: "Ueber Wirkung des Antiarins am ausggeschnittenen
susperdirten Froschherzen," Arch. f. exp. Path. u. Pharm., 1901,
p. 366.

67. Hering: Centbl. f. Physiol., 1901, vol. xv, p. 193.68. Stengel: "Fatal Case of Stokes-Adams Disease With An-
topsy," Amer. Jour. Med. Sc., 1905, vol. cxxx, p. 1083. Also Hay:"The Pathology of Bradycardia," Brit. Med. Jour., Oct. 21, 1905,
p. 1034. Also Schmoll: "Adams-Stokes Disease," The Journal
A. M. A., vol. xlvi, p. 361. Also Jellick, Cooper and Oph\l=u"\ls:"TheAdams-Stokes Syndrome and the Bundle of His," The Journal
A. M. A., March 31, 1906, p. 955.

Auto Saves Lives.—With the advent of the motor in a coun-
try village and its appearance on its highways and byways,
the horses will get over their restiveness and the antipathy
which some farmers have against automobiles will quickly dis-
appear. The motor car that takes the physician to the bedside
of the farmer's wife in half the time a horse would and by
promptness enables him to save her life can no longer be con-
sidered a thing of evil.—Automobile.
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